ABSTRACT -This experiment was carried out to evaluate the effects of purified cellulose, soybean hulls and citrus pulp in the diet of weaned piglets. A total of 72 piglets (36 castrated males and 36 females) weaned at 21 days of age (BW 6.45±0.66 kg) was distributed according to a randomized block design, for evaluation of performance, transit time, diarrhea incidence and blood parameters of piglets which received diets containing different sources of fiber. The experimental diets were: control diet -diet composed of corn, soybean meal and a source of lactose; control + 1.5% purified cellulose; control + 3% soybean hull and control + 9% citrus pulp. The inclusion of purified cellulose, soybean hulls and citrus pulp in diets of weaned piglets did not affect the performance or transit time of diets in the gastrointestinal tract. However, the use of purified cellulose reduced incidence of diarrhea. The use of purified cellulose, soybean hull and citrus pulp in the diet of weaned piglets does not affect performance or gastrointestinal transit time. The addition of purified cellulose promotes a beneficial effect to control the diarrhea in weaned piglets.
Introduction
Weaning is a critical moment in swine production, gathering several factors that can affect the development of animals. Weaned piglets still have their immune and digestive systems in development, insufficient production of specific enzymes for digestion of plant ingredients and high demand for nutrients (Aumaitre, 2000; Hedemann et al., 2006) .
The weaning stress causes physiological and metabolic responses, which may alter blood parameters. Some nutrients and substances present in some ingredients may affect these responses or stimulate inflammatory response due to the presence of anti-nutritional or allergenical factors. However, other elements may have prebiotic function and improve the health status of piglets (Thomaz, et al., 2009) .
In this context, the maintenance of intestinal health is an important factor to minimize or prevent poor performance, morbidity and mortality of piglets. Thus, the dietary ingredients should be selected to prevent disturbances in the digestive tract (Montagne et al., 2003; Budiño et al., 2010) .
Feed ingredients generally used to promote intestinal health in piglets, such as milk derivatives and other ingredients of animal origin are expensive, and the use of antibiotics as growth promoters has been restricted in animal production. Therefore, it is important to search for new technologies or feed ingredients which can contribute to efficient activity of the gastrointestinal tract (GIT) of animals, improving their good performance.
Certain types of dietary fibers may be used to promote intestinal health. Despite the anti-nutritive properties of some fractions of non-starch polysaccharides in animal metabolism, we can observe some benefits for weaned piglets, such as stimulus to gut development (Longland et al., 1994) .
Thus, several strategies have been implemented for the use of soluble or insoluble fibers from certain ingredients, in an attempt to manage the gut microbiota and reduce its colonization by pathogens. There is evidence that increase in the dietary content of non-starch polysaccharides may increase the number of beneficial microbiota in the small intestine, due to the fermentation of carbohydrates instead of proteins (Molist et al., 2009) .
Based on the composition of dietary fiber of ingredients and their effects on health and welfare, fibers can no longer be considered anti-nutritional factors for monogastric animals.
The objective of this study was to evaluate the effects of purified cellulose, citrus pulp and soybean hull as sources of fiber on the performance, transit time, incidence of diarrhea, and blood parameters of newly weaned piglets.
Material and Methods
The experiment was carried out in the Setor de Suinocultura do Departamento de Zootecnia da Faculdade de Ciências Agrárias e Veterinárias/Unesp, Campus de Jaboticabal, São Paulo, Brazil. The experimental protocols used in this study had been approved by the Ethics Committee for Use of Animals of the Universidade Estadual Paulista, Jaboticabal, São Paulo, Brazil.
A total of 72 piglets (initial weight 6.45±0.66 kg) from Topigs genetic line (36 castrated males and 36 females) were weaned at 21 days of age. Animals were randomly allotted to 2.55-m 2 pens equipped with drinkers and semi-automatic feeders with four treatments and nine replicates. During the first 20 days of the experimental period, piglets were kept in wooden pens equipped with 100-W lamps, providing extra heat. A randomized blocks experimental design was used to control differences at initial weight and the experimental unit was composed of one castrated male and one female.
The experimental diets were: control diet -diet composed of corn, soybean meal and a source of lactose; control + 1.5% purified cellulose; control + 3% soybean hulls and control + 9% citrus pulp. It had been previously established that diets containing fiber sources would have the same amounts of crude fiber.
Corn, soybean meal, purified celulose, soybean hulls, citrus pulp (Table 1 ) and experimental diets (Table 2) were analyzed at the Laboratório de Nutrição Animal e Laboratório de Ingredientes e Gases Poluentes da Faculdade de Ciências Agrárias e Veterinárias/Unesp, Campus de Jaboticabal. Ingredients and diets were analyzed for dry matter (DM), crude protein (CP), ether extract (EE), mineral matter (MM) and organic matter (OM) content according to Silva & Queiroz (2002) . Gross energy (GE) of ingredients and diets was determined by calorimetry (Parr American, model 6400, Parr Instrument Company, Ilinois, USA). Total starch was determined following the method of extraction of Hendrix (1993) and for the colorimetric reading acid, the dinitrosalicylic acid (Miller, 1959) was used. Total dietary fiber (TDF), insoluble fiber (IF) and soluble fiber (SF) were analyzed according to AOAC (1995) . Analyses of neutral detergent fiber (NDF), acid detergent fiber (ADF) and the determination of hemicellulose content were performed as described by Van Soest et al. (1991) .
Experimental diets were formulated according to Rostagno et al. (2005) in order to meet the nutritional requirements for piglets. No antibiotics or any other growth promoters were added to the diets (Table 2) .
Animals and leftovers were weighed at the beginning and at the end of each phase, in order to obtain the average daily gain (ADG), average daily feed intake (ADFI), and feed conversion (FC). Performance results were analyzed in the following periods: 1 -from 21 to 35 days, 2 -from 21 to 50 days and 3 -from 21 to 63 days of age.
To verify the influence of the experimental diets on diarrhea incidence, an assessment of the fecal scores of piglets was carried out during the first 21 days of the experimental period. Fecal consistency was verified twice a day, at 08:00 h and 17:00 h, by means of visual analysis, according to the following scores: 1 -normal feces, 2 -soft feces and 3 -watery feces. Feces scoring 1 and 2 were considered non-diarrheic and feces scoring 3 were considered diarrheic. The same observer performed this assessment at all times.
The transit time of the diets was determined during the performance assay, from 50 to 60 days of age. Piglets were fed 200 g of diet with 2% ferric oxide as marker and considered as the beginning of assesment. The transit time was 1 Nutrient values and energy determined at present study. 2 Metabolizable energy value described by Rostagno et al. (2005) . DM -dry matter; OM -organic matter; CP -crude protein; EE -ether extract; CF -crude fiber; NDF -neutral detergent fiber; ADF -acid detergent fiber; TDF -total dietary fiber; IF -insoluble fiber; SF -soluble fiber; ME -metabolizable energy. determined when the first feces with ferric oxide color appeared. When there were no leftovers, the animals would be offered more feedstuff without the marker and ad libitum. Blood samples were collected from the jugular vein of one piglet from each experimental unit, at 21, 35 and 50 days of age.
The complete blood count yielded the concentration of red blood cells -He (mm 3 × 10 3 ), hemoglobins -Hb (g%), hematocrit -Ht (%) and leukocytes -Le (mm 3 ). A differential leukocyte count was also carried out to calculate the percentage of the following: eosinophils -EOS, band neutrophils (immature) -NBas, segmented neutrophils (mature) -NSeg, lymphocytes -LINF and monocytes -MON.
Blood samples were centrifuged and the serum obtained was utilized for analysis of serum total proteins and electrophoresis of protein fractions. The concentration of serum total protein was determined by the biuret method, and its reading was performed by spectrophotometry. Polyacrylamide gel electrophoresis containing sodium dodecyl sulfate (SDS-PAGE) was used for the fractionation of serum proteins, according to Weber & Osborn (1969 Data observed in both experiments were submitted to variance analysis through the GLM procedure (General Linear Models) using the SAS ® program (Statistical Analysis System, version 8.0) and means were compared by the Tukey test (5%). The normality of the errors was tested by the Cramer-von Misses Test, according to Everitt (1998) . Non-parametric statistics were used to evaluate the diarrhea incidence, and means were compared by the KruskallWallis Test (5%). Blood parameters data were analyzed in a split plot designs. In these designs, the experimental diets were used as whole plots (control; control + 1.5% purified cellulose; control + 3% soybean hull and control + 9% citrus pulp), and the ages at which the samples were collected were used as subplots.
Results and Discussion
No differences (P>0.05) were verified in the performance variables (Table 3) , for any of the studied periods.
There is a certain disparity between the results in relation to the performance of piglets fed diets containing fiber sources, and this could be explained by the chemical and physical characteristics of each source and its degree of lignification, in addition to the amount included in the diet (Wenk, 2001 ). Although Mateos et al. (2006) have recommended that the diets of piglets weighing between 6 and 12 kg contain 60 g NDF per kg, it was observed in the present study that diets with about 110 g NDF per kg did not reduce the performance of piglets.
Results observed in the daily intake and feed conversion were similar to those obtained by Schiavon et al. (2004) , who used 12% beet pulp in the diet of weaned piglets and did not observe any influence on these two variables. However, they verified a poorer weight gain in animals fed the diet containing beet pulp as fiber source. Högberg & Lindberg (2004) observed increase in the weight gain of weaned piglets, when they received a higher quantity of fibers in their diets, but the authors reported that such increase in weight is associated with increase in the weight of internal organs. Molist et al. (2009) evaluated feedstuffs for weaned piglets containing wheat bran, beet pulp, a combination of both or without a fiber source, and they observed that during the first 10 days after weaning, animals which received the diet containing wheat bran had a higher feed intake, when compared with those that consumed the diet which did not contain a fiber source. However, the authors did not observe differences in weight gain or feed conversion.
Although Stagonias & Pearce (1985) and Drochner et al. (2004) reported that transit time is influenced by the level of fiber in the diet, the transit time of diets in the gastrointestinal tract (Table 3) was not influenced (P>0.05) by the inclusion of different fiber sources. An increase in the gastrointestinal transit time may be associated with the type of fiber present in the diet, in addition to other physical characteristics of the feed, such as particle size, amount of fiber ingested and animal weight (Castro Júnior et al., 2005) . Drochner et al. (2004) with the amount of soluble fiber (pectin) in the food, because this fraction may reduce the pH of the stomach and, consequently, retard the arrival of the digesta in the duodenum, as well as enhance viscosity, thus contributing to increasing in transit time of diets in the gastrointestinal tract. Freire et al. (2000) used different fiber sources (wheat bran, beet pulp, soybean hulls, alfafa meal) in the diet of weaned piglets and observed reduction in the transit time when animals received alfafa meal in their diet. Those authors concluded that this result is due to a higher amount of insoluble fibers that is present in this ingredient.
A higher occurrence of diarrhea (P<0.01) was observed in animals fed on diets containing soybean hulls and citrus pulp (Table 4) , followed by those that received the control diet (P<0.01). A lower incidence of diarrhea (P<0.01) was observed in piglets that consumed the diet containing purified cellulose.
The inclusion of purified cellulose may have blocked adherence sites of certain pathogenic bacteria, thus immobilizing or reducing their ability to remain in the gastrointestinal tract and, consequently, resulting in their elimination with the chyme and reducing diarrhea (Schley & Field, 2002; Yin et al., 2004) .
The incidence of diarrhea in animals fed diets with soybean hulls or citrus pulp may be explained by higher levels of soluble fiber and their effects as substrate for pathogenic bacteria. The use of soluble fiber (Guar gum) in diets for piglets caused a higher incidence of diarrhea, with a positive correlation between the presence of this fiber fraction and diarrhea (Pluske et al., 1998) .
It was verified that the inclusion of fiber sources in diets of piglets influenced (P<0.05) the concentration of red blood cells and hemoglobin (Table 5) . Red blood cell, hematocrit, band neutrophil, segmented neutrophil, lymphocyte and monocyte values were within the range found in reference tables (Kaneko, 1989; Bacila, 2003) , and differences in values observed at collection dates were considered normal due to the development stage of the animal (Feldman, 2000) . The age of animals had an influence on red blood cells, leukocytes, hemoglobin, hematocrit, band neutrophils, segmented neutrophils and monocytes. The results observed in leukocytes were within the normal range (Kaneko, 1989; Bacila, 2003) at 21 and 50 days of age. However, these values were increased at 35 days of age, which could represent a response to post-weaning diarrhea, seeing that an increase in this white blood cell count may mean a possible response to bacterial infections (Swenson, 1984) .
Fiber sources did not affect (P>0.05) the concentrations of total protein and albumin (Table 5 ), but they influenced (P<0.05) the concentrations of immunoglobulin A, whose smallest values were observed in piglets consuming purified cellulose. This can be explained by the lower incidence of diarrhea, considering that the production of immunoglobulin A is stimulated by enteric infections of the gut mucosa (Silva et al., 2008) .
Age at collection did not influence (P>0.05) the concentrations of albumin and IgA (Table 5 ), but they influenced (P<0.05) the concentration of total protein, with its highest value (P<0.05) observed at 50 days of age. Interactions were observed (P<0.05) for globulin and immunoglobulin G concentrations, as well as for the albumin/ globulin relation (Table 6 ).
It was verified that animals at 50 days of age receiving the diet containing purified cellulose presented the highest globulin concentrations (P<0.05), in comparison with those fed diets containing soybean hull and citrus pulp. At 50 days of age, piglets which received diet with purified cellulose presented the highest concentrations of this blood protein (P<0.05), in comparison with the concentrations found at 21 and 35 days of age.
At 50 days of age, the highest albumin/globulin ratio was also observed in animals which ingested the diet containing citrus pulp, in relation to those that received purified cellulose (P<0.05). For piglets which fed diet containing purified cellulose, the lowest values were found at 50 days of age, when compared with those observed at 21 and 35 days of age (P<0.05). Modifications in the albumin/ globulin relation indicate infections, because a higher quantity of globulin is a sign that the organism is mobilizing its immunogloblulins in order to fight against possible infections (Bacila, 2003) .
It was observed that the inclusion of purified cellulose in diet of piglets at 50 days of age increased the concentration of immunoglobulin G (P<0.05), in comparison with piglets fed diets containing soybean hulls and citrus pulp. Piglets which received the diet containing citrus pulp presented higher immunoglobulin G concentrations (P<0.05) at 21 days of age, when compared with 35 and 50 days of age. Silva et al. (2008) described that the concentration of immunoglobulin G is increased in acute infections because they act directly against bacterial antigens (Silva et al., 2008) .
The action mechanisms of fiber sources included in diets are not yet clear. However, it is known that nondigested fibers may serve as substrate for beneficial bacteria, altering the gut microbiota and increasing the proportion of lactic bacteria (Schley & Field, 2002 
Conclusions
The use of purified cellulose, soybean hulls and citrus pulp as fiber sources in diets for weanling pigs does not affect performance or transit time of diets in the gastrointestinal tract. However, the inclusion of purified cellulose promotes beneficial effect in controlling diarrhea and improves some immunological parameters.
